anterior, posterior, or lateral approach. The minimally invasive, lateral retroperitoneal transpsoas approach allows for interbody graft placement and anterior column support, while avoiding the potential complications associated with anterior or posterior approaches. 26 In this paper, we describe our early experience with the minimally invasive, lateral retroperitoneal transpsoas approach for discectomy and interbody graft delivery for adult degenerative scoliosis.
Methods
We retrospectively reviewed a prospectively acquired database of all patients with adult thoracolumbar degenerative deformity treated via the minimally invasive, lateral retroperitoneal transpsoas approach at our institution. All patient data were recorded, including demographics, preoperative evaluation, procedure used, postoperative follow-up, operative time, blood loss, length of hospital stay, and complications. We also administered the ODI and the VAS (for pain) pre-and postoperatively as early outcome measures. All patients were scheduled for follow-up postoperatively at weeks 2, 6, 12, and 24, and at 1 year.
All patients presented with mechanical back pain and/or radicular pain that was refractory to at least 12 months of conservative management. Patients with idiopathic curves or scoliosis secondary to neurological or neuromuscular conditions were excluded from the study. The surgical procedure, as previously described, 26 consisted of placing patients in the lateral decubitus position, performing fluoroscopic localization of the affected level, and using lateral retroperitoneal blunt dissection to expose the lateral surface of the spine. Once an armmounted expandable retractor was placed, discectomies and placement of interbody grafts were performed laterally. The discectomies were performed across the midline to the contralateral annulus, while preserving the anterior and posterior longitudinal ligaments. The interbody grafts were made from polyetheretherketone and filled with recombinant human BMP-2, tricalcium phosphate, and hydroxyapatite. The amount of BMP that was used was approximately 0.7 cm 3 of recombinant human Sagittal  Balance  Complications   1  74,F  L2-3, L3-4  LP  L2-4  yes  20  13  8  no  2  68,M  L3-4, L4-5  LP  L3-5  yes  20  10  5  yes  subsidence  3  65,F  L1-2, L2-3, L3-4, L4-5  PS  T10-Ilia  yes  20  25  4  no  4  64,M  L2-3, L3-4, L4-5  LP  L2-5  yes  20  11  4  yes  5 77 BMP-2/absorbable collagen sponge per interbody level. The interbody cages were positioned on the apophyseal ring and measured 18 mm wide, 8-12 mm in height, and 55-60 mm in length. Interbody grafts were augmented with lateral plates or posterior pedicle screws for stability and completion of the deformity correction. Additionally, EMG neuromonitoring was used throughout the procedure to aid in localizing the motor nerves and roots of the lumbar plexus and potentially prevent injury.
Results
Between 2007 and 2009, 25 patients (15 women, 10 men) underwent a minimally invasive, lateral retroperitoneal transpsoas approach for the placement of interbody grafts in the treatment of adult degenerative deformity ( Table 1 ). The mean patient age was 62.5 years (range 35-77 years). All patients successfully underwent lateral discectomies and placement of interbody grafts for anterior column support and interbody fusion ( Figs. 1 and 2 ). Seventy-six lateral interbody grafts were placed. Twenty-three patients underwent additional instrumentation, 7 with pedicle screws, 15 with lateral plates, and 1 with both. The mean operative time from induction to extubation was 108 minutes per level. A significant portion of this time was devoted to patient positioning and fluoroscopic localization of the targeted levels. The mean total blood loss was 53 ml per level. The average length of stay in the hospital was 6.2 days. Mean follow-up was 11 months (range 3-20 months). No patient required a blood transfusion. There were no intraoperative CSF leaks, wound infections, or postoperative weaknesses identified. There were no injuries to the peritoneal or retroperitoneal structures. There were no deep venous thromboses, urinary tract infections, or ileus identified. Perioperative complications include 1 patient with rhabdomyolysis requiring temporary hemodialysis, 1 patient with asymptomatic subsidence, and 1 patient with asymptomatic hardware failure. Three patients (12%) experienced transient postoperative anterior thigh numbness ipsilateral to the side of approach in the distribution of the anterior femoral cutaneous nerve. Evidence of fusion was assessed radiographically in all patients with more than 6 months of follow-up. In our series, we identified 20 patients (80%) who underwent more than 6 months of follow-up; all of these patients demonstrated radiographic evidence of fusion on CT scans or flexion-extension radiographs.
Outcome measures assessed include the VAS pain score and the ODI (Fig. 3) . Mean improvement of 5.7 points in VAS scores and 23.7% in the ODI was observed. The VAS score averaged 8.1 preoperatively and improved to 2.4 at the last follow-up visit. The ODI averaged 53.6% preoperatively and improved to 29.9% at the last followup visit. 
Discussion
Adult degenerative or de novo scoliosis is believed to develop as a result of asymmetrical degeneration of the spine. It most often occurs in the lumbar spine and typically presents with pain as the primary complaint in 90% of patients. 20, 37 The pain may be axial, radicular, or both. 33 Axial pain is more prevalent among older patients with spinal deformity, as compared with younger patients. 19 This pain occurs most commonly from a combination of muscle fatigue, trunk imbalance, facet arthropathy, and degenerative disc disease. 5 All patients should first undergo conservative treatment prior to being considered for surgical intervention. 4 However, surgically treated patients with adult scoliosis had a significantly greater improvement in back pain and quality of life when compared with nonoperatively treated patients. 7, 34 Once a patient has failed to respond to conservative treatment or has met the indications for surgery, 14 the surgeon is faced with the decision to approach the spine from the anterior or posterior aspect, or a combination of both.
The goals of adult deformity surgery are to obtain sagittal and coronal balance, pain relief, and solid fusion. Typically, wires, hooks, and pedicle screws have been used to address the posterior columns in deformity correction operations.
14 In many cases, patients require treatment strategies that address both the anterior and posterior columns. Unlike adolescent spinal curves, adult deformities are usually rigid and require a combined anterior-posterior approach. 5 This approach usually involves multiple anterior releases, followed by a posterior procedure in which the deformity correction is completed.
14 Anterior releases can range from a discectomy to a corpectomy, which aid in extending the spine. Anterior reconstruction with a bone graft or cage maintains distraction between the endplates, provides an area for arthrodesis, corrects kyphosis, and restores lordosis. 35 Structural anterior column support provides several benefits such as improved stability, decreased stress on posterior instrumentation, improved fusion rates, and better lumbar lordosis. 13, 16, 25, 27, 28, 38 Anterior column support, by way of interbody graft placement, can be achieved with an anterior, posterior, or lateral approach. Anterior interbody fusion allows complete visualization of the disc space and placement of a large interbody graft. Reported complications from the anterior approach include retrograde ejaculation, great vessel injury, ureteral trauma, and prolonged ileus. 6, 12, 24, 30, 31 The posterior and transforaminal interbody fusions allow incomplete anterior release and smaller cage sizes when compared with the anterior approach. The posterior placement of interbody grafts places the nerve roots at risk for traction injuries.
The minimally invasive, lateral retroperitoneal transpsoas approach provides the surgeon with an alternative option when placing an interbody graft. The goals of minimally invasive surgery are to minimize dissection and trauma of muscle related to the approach, reduce blood loss, shorten hospital stays, mobilize patients early, and hasten recovery. 2, 11, 36 Similar to the anterior approach, the minimally invasive lateral approach allows for placement of a large interbody graft without need for an access surgeon. When compared with posteriorly placed interbody grafts, laterally placed grafts have a much larger area for potential fusion and are able to restore disc height and lordosis more easily.
When planning to surgically correct adult deformity secondary to degenerative changes of the spine, we must consider the patient population undergoing the operation. Degenerative scoliosis is generally observed in the older population, who tend to suffer from osteoporosis and a higher number of medical comorbidities. 1 Advanced age and medical comorbidities have been reported to cause more complications in deformity surgery. 8, 29 In addition, the surgical correction of adult deformity is believed to be more difficult than in adolescent patients and is associated with a higher rate of complications. 5, 10, 32, 33 The pseudarthrosis rate after deformity surgery for adult patients after long fusions has been reported to be 24%, which is significantly higher than in pediatric patients. 17 Despite the increased risk, adult patients with scoliosis who were older than 65 years of age and were treated operatively experienced significantly less pain, a better quality of life, and were more satisfied than patients treated conservatively. 21 Scoliosis is a 3D deformity of the spine and all 3 planes need to be addressed to maximize patient outcomes. These procedures tend to be lengthy and invasive due to the need to expose and fuse a large portion of the spine. The incidence of complications has been reported to be between 20 and 80%. 1, 8, 22, 39 In his series of patients undergoing posterior fusion and instrumentation for degenerative lumbar scoliosis, Cho et al. 9 reported an overall complication rate of 68% and an early perioperative complication rate of 30%. One of the main risk factors that increased the early perioperative complications in this study was a blood loss of more than 2 liters. 9 Although the minimally invasive, lateral retroperitoneal transpsoas approach avoids many of the disadvantages of both the anterior and posterior approaches, it does have certain limitations and disadvantages of its own. Secondary to the anatomical constraints of the iliac crest, the L5-S1 disc space is not easily or safely approachable with this technique. This approach relies on indirect decompression of the spinal canal and neural foramen by restoring disc height and lordosis. If supplemental posterior instrumentation or direct decompression is required, a separate posterior incision and approach must be performed.
As with all new techniques and technologies associated with minimally invasive spine surgery, there is a steep learning curve associated with this approach. The use of EMG neural monitoring and intraoperative fluoroscopy is critical to the safe passage within the psoas muscle. Prior reports of lateral retroperitoneal approaches included mobilization of the psoas muscle from the lumbar spine, with a high incidence (30%) of paresthesias in the thigh/groin region. 3, 23 Knight et al. 18 reported a 10% incidence of lateral femoral cutaneous nerve deficit and a 3% incidence of L-4 motor deficit using the lateral retroperitoneal transpsoas approach. In our series of patients, we identified 3 patients (12%) with transient postoperative ipsilateral sensory deficits that resolved by the 3-month follow-up visit. There were no patients with postoperative motor deficits.
As stated above, in our series of patients, the incidence of postoperative sensory deficit (12%) using the minimally invasive, lateral retroperitoneal transpsoas approach is consistent with rates in the published literature. 18 The approach-related complications of sensory deficits are not prevented by EMG neuromonitoring, which only helps identify motor nerves. Because most of these deficits are transient, we believe they are stretch or neurapraxic injuries. The origin is most likely secondary to placement of the dilators/retractor system and aggressive dissection of the retroperitoneal space. In an effort to minimize these approach-related complications, we decrease the amount of lateral flexion of the patient and flex the hip during positioning. We believe that this may decrease the amount of tension on the lumbar plexus. Some nerves have mixed motor and sensory fibers, such as the femoral nerve, which carries the fibers of the anterior femoral cutaneous nerve. Neuromonitoring using EMG will not directly assist in detection or localization of sensory nerves; however, locating the femoral nerve will indirectly indicate the location of the sensory fibers of the anterior femoral cutaneous nerve. In addition, we advocate acquiring knowledge of the anatomy of the disc space in relation to the neural structures, gentle dissection, and minimizing expansion of the retractor whenever possible. In addition to the transient sensory deficits already noted, 1 patient suffered from perioperative rhabdomyolysis. He underwent a 6-level interbody cage placement via the lateral transpsoas approach. This patient required approximately 4 months of hemodialysis prior to return of his renal function. Secondary to the rhabdomyolysis, he did not undergo the second stage of his surgery for placement of posterior pedicle screws.
Conclusions
Degenerative scoliosis of the adult spine is secondary to asymmetrical degeneration of the discs. Surgical decompression and correction of the deformity can be performed from an anterior, posterior, or combined approach. These procedures are often associated with long operative times and a high incidence of complications. Our experience using the minimally invasive, lateral retroperitoneal transpsoas approach for placement of a large interbody graft for anterior column support, restoration of disc height, arthrodesis, and realignment shows that this approach is a feasible alternative to more traditional approaches.
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